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ABSTRACT. Objective. Diets reduced in fat and cho-
lesterol are recommended for children over 2 years of
age, yet long-term safety and efficacy are unknown. This
study tests the long-term efficacy and safety of a choles-
terol-lowering dietary intervention in children.

Methods. Six hundred sixty-three children 8 to 10
years of age with elevated low-density lipoprotein cho-
lesterol (LDL-C) were randomized to a dietary interven-
tion or usual care group, with a mean of 7.4 years’ follow-
up. The dietary behavioral intervention promoted
adherence to a diet with 28% of energy from total fat,
<8% from saturated fat, up to 9% from polyunsaturated
fat, and <75 mg/1000 kcal cholesterol per day. Serum
LDL-C, height, and serum ferritin were primary efficacy
and safety outcomes.

Results. Reductions in dietary total fat, saturated fat,
and cholesterol were greater in the intervention than in
the usual care group throughout the intervention period.
At 1 year, 3 years, and at the last visit, the intervention
compared with the usual care group had 4.8 mg/dL (.13
mmol/L), 3.3 mg/dL (.09 mmol/L), and 2.0 mg/dL (.05
mmol/L) lower LDL-C, respectively. There were no dif-
ferences at any data collection point in height or serum
ferritin or any differences in an adverse direction in red
blood cell folate, serum retinol and zinc, sexual matura-
tion, or body mass index.

Conclusion. Dietary fat modification can be achieved
and safely sustained in actively growing children with
elevated LDL-C, and elevated LDL-C levels can be im-
proved significantly up to 3 years. Changes in the usual
care group’s diet suggest that pediatric practices and so-
cietal and environmental forces are having positive pub-
lic health effects on dietary behavior during adolescence.
Pediatrics 2001;107:256–264; children, fat intake, serum
cholesterol, saturated fat.

ABBREVIATIONS. LDL-C, low-density lipoprotein cholesterol;
DISC, Dietary Intervention Study in Children; HDL-C, high-den-
sity lipoprotein cholesterol; BMI, body mass index; CI, confidence
interval.

Atherosclerosis begins in childhood,1 and ele-
vated serum levels of total and low-density
lipoprotein cholesterol (LDL-C) are associ-

ated with fatty streaks and fibrous plaques in ado-
lescents and young adults.2,3 Reducing dietary satu-
rated fat and cholesterol reduces blood total
cholesterol and LDL-C,4 so diets reduced in total fat,
saturated fat, and cholesterol are recommended for
healthy children 2 years of age and older, with
greater reductions recommended for children with
elevated blood cholesterol and a family history of
premature coronary heart disease.1,5

Questions have been raised about the safety of
diets reduced in total fat, including possible growth
retardation, nutritional inadequacy, and adverse
psychosocial effects,6,7 and about the efficacy on
blood lipids of diets reduced in saturated fat and
cholesterol in children.8 In 1987, the Dietary Inter-
vention Study in Children (DISC), a multicenter, con-
trolled, randomized trial, was initiated to address
these efficacy and safety questions in children with
elevated LDL-C.9 As previously reported, after 3
years, the intervention group lowered their mean
dietary intake of total and saturated fat and their
serum LDL-C more than the usual care group.10 At
the time of their 3-year visit, participants were in-
vited to continue until they reached age 18 to assess
long-term effects of intervention on LDL-C and near-
adult stature after completion of sexual maturation.
The intervention group continued receiving dietary
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counseling, although at a lower intensity than during
the first 3 years. Herein we report the 7-year DISC
results.

METHODS

Design
DISC was a randomized, controlled trial, with 6 participating

clinical centers, a coordinating center, and a project office. The
study was approved by the institutional review boards of all
participating centers. The protocol was reviewed by an indepen-
dent data and safety monitoring committee appointed by the
study’s sponsor, the National Heart, Lung, and Blood Institute.

DISC recruited 663 participants 8 to 10 years of age with ele-
vated LDL-C whose parents or guardians gave informed consent.
Children were randomly assigned to an intervention or usual care
group and entered into the study over 2.5 years.

After DISC was extended to follow the children to age 18 years,
intervention and annual measurement visits were continued. Par-
ticipants were last assessed either at age 18 years (15.3%) or,
because of funding constraints, at a closeout visit before age 18
years (84.7%). Some participants who initially declined to continue
(n 5 19; 3%) gave consent for a closeout visit, although those
assigned to the intervention group had not received intervention
during the interim. The age 18 years and closeout visits are com-
bined in analyses and are termed last visit.

The primary efficacy and safety outcomes for the last visit were
serum LDL-C, height, and serum ferritin. Secondary efficacy and
safety outcomes were serum total cholesterol, high-density li-
poprotein cholesterol (HDL-C), LDL-C/HDL-C ratio, triglycer-
ides, red blood cell folate, serum retinol and zinc, and sexual
maturation. Psychosocial information, not collected after 3 years,
has been reported elsewhere.10,11 The trial was designed for 90%
power to detect a difference of 5.4 mg/dL (.14 mmol/L) in LDL-C
and .8 cm in height and had 90% power to detect a difference of 3.5
mg/mL in serum ferritin.9,10

Participants
Prepubertal children aged 7.8 to 10.1 years for girls and 8.6 to

10.8 years for boys were recruited from schools, a health mainte-
nance organization, and pediatric practices.9,10 After prescreening
for total cholesterol by nonfasting capillary blood, fasting veni-
puncture LDL-C measurements were obtained in 2 screening vis-
its. Children were eligible if the average of the 2 LDL-C measure-
ments was $80th ($111.5 mg/dL for boys and $117.5 mg/dL for
girls) and ,98th (#164.5 mg/dL for boys and girls) age- and
sex-specific percentiles of the Lipid Research Clinics population.12

The upper limit of LDL-C was chosen to select children for whom
dietary intervention, rather than medications, can be recom-
mended. Exclusions were medical conditions or medications that
could affect growth or serum cholesterol, behavioral problems, or
onset of pubertal maturation.

Intervention
The DISC dietary recommendations, similar to the National

Cholesterol Education Program Step 2 diet,1 were: 28% of energy
from total fat, ,8% from saturated fat, up to 9% from polyunsat-
urated fat, and ,75 mg/1000 kcal of cholesterol per day, not to
exceed 150 mg/day. Children were assessed for calorie needs, and
nutrient adequacy was monitored throughout the study.

Intervention strategies were based on social learning theory13

and social action theory,14 which suggest that children learn be-
haviors through observation and imitation of models, such as
parents, siblings, and other family members; peers; and celebrities.
These strategies as used in DISC have been described else-
where.15,16 In the first 6 months, 6 weekly and then 5 biweekly
group sessions were led by nutritionists and behaviorists, and 2
individual visits were held with the nutritionist. Over the second
6 months, 4 group and 2 individual sessions were held. During the
second and third years, group and individual maintenance ses-
sions were held 4 to 6 times per year, with monthly telephone
contacts between group sessions.

By the fourth year of follow-up, individual visits, an important
intervention strategy for the increasingly busy teenagers,17 used
an individualized approach based on motivational interviewing18

and stage of change.19 Two group events plus 2 individual visits

were planned annually, with additional telephone contacts as
appropriate. The individual visits evaluated personally estab-
lished adherence goals and engaged the participant in problem
solving, and the groups provided opportunities for modeling
appropriate eating behavior in social situations.

Usual Care
At the trial’s beginning, parents or guardians of children as-

signed to the usual care group were informed that their child’s
blood cholesterol level was high, and they were given educational
publications on heart-healthy eating available to the public. Usual
care children were examined annually for study-wide measure-
ments.

Measurements
To minimize regression to the mean, 2 fasting venipunctures

for serum lipids were taken 1 month apart at baseline and year 3.
Single lipid measurements were obtained at 1 year, 5 years, and at
the last visit. Serum triglycerides, total cholesterol, and HDL-C
were analyzed as described previously,9,10 and LDL-C was calcu-
lated.20 Analyses were conducted at the Johns Hopkins Lipopro-
tein Analytical Laboratory, a participant in the Centers for Disease
Control and Prevention/National Heart, Lung, and Blood Insti-
tute Lipid Standardization Program,21 which used regular quality
control procedures including use of reference pools and blinded
duplicate samples.

Two measurements of height and one of weight were taken at
baseline and annually. Body mass index (BMI) was calculated
from weight and height (kg/m2). Sexual maturation was assessed
annually by Tanner staging22 until Tanner stage 5 was reached.
Maturation was not assessed at the last visit because most partic-
ipants had reached stage 5. Until menarche, onset of menses was
ascertained annually by questionnaire and calendars.

Dietary intakes were measured by a method previously vali-
dated23 using 3 nonconsecutive 24-hour dietary recalls at baseline,
years 1, 3, and 5, and the last visit. The first recall was conducted
by interview at the clinic, and the 2 subsequent recalls were
obtained by telephone within 2 weeks of the clinic visit. Nutrient
analyses were performed by the Nutrition Coordinating Center
(database version 20) at the University of Minnesota. Data from
the 3 recalls were averaged to calculate mean nutrient intakes for
each visit.

Red blood cell folate and serum ferritin, zinc, and retinol were
measured at baseline, years 1 and 3, and at the last visit by the
Nutritional Biochemistry Branch of the Centers for Disease Con-
trol and Prevention.10,24

All data collectors were centrally trained and certified and were
blinded to treatment assignment. Quality control procedures in-
cluded periodic centralized training, central monitoring of data,
site visits to clinical centers, and 6% duplicate samples of dietary
recalls, with appropriate feedback to measurement staff.

Clinical monitoring procedures were centralized to detect cases
requiring physician referral for inadequate growth or nutrition,
delayed sexual maturation, or abnormal blood chemistries, includ-
ing levels of LDL-C .160 mg/dL. Additional safety monitoring
procedures implemented for the intervention group included re-
view of nutrient intakes and height and weight measurements
obtained at intervention visits.

Data Analysis
To test whether missing outcome data at the last visit could

have biased intervention/usual care comparisons, we compared
participants with and without last visit data within each treatment
group on baseline values of age, height, weight, BMI, percent of
energy from total fat and saturated fat, serum ferritin, and LDL-C,
and distributions of sex, household income, and parental educa-
tion. x2 tests for categorical variables and analysis of variance for
continuous variables were used to test for treatment-related miss-
ingness.

Analysis of primary and secondary outcomes at the last visit
used analysis of covariance models25 to test treatment differences,
with sex, age at the last visit, and baseline value of the outcome
variable as covariates. Interactions between treatment assignment
and sex were tested and found to be nonsignificant for the primary
outcomes. Analyses of outcomes at 1, 3, and 5 years were similar,
except the covariates were sex and baseline level of the outcome
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variable. Wilcoxon tests were used to test for differences in treat-
ment groups for ordered categorical variables. P values, adjusted
differences between groups, and 95% confidence intervals (CIs)
for the differences were calculated. All analyses used SAS (Cary,
NC)26 or S-Plus.27

For the primary efficacy outcome, a 2-sided significance test at
a 5 .05 was used. For the primary safety outcomes, 1-sided tests
of the alternative hypothesis of usual care superiority at a 5 .05
were performed. One-sided tests were used because safety con-
cerns would exist only if height or serum ferritin were less in the
intervention group.

Analyses of the primary outcomes were performed according
to intention-to-treat principles, with participants analyzed accord-
ing to randomization assignment. The primary efficacy and safety
analyses were performed using observed data, which is equivalent
to imputing the missing participant’s same group mean for miss-
ing values. Analyses were also performed using data imputed for
missing values of the primary outcomes of LDL-C, ferritin, and
height, by using treatment-specific multiple linear regression to
predict values from the participant’s projected age at the last visit
(defined as the participant’s age at the midpoint of the study
closeout period), sex, and baseline value of the outcome variable.

Secondary analyses adjusting for income were performed be-
cause of the imbalance in income between intervention and usual
care groups at baseline. Secondary analyses using the same ap-
proaches as for the primary analyses were also performed to
examine differences in LDL-C, height, and ferritin in a subset of
participants who attended all clinic visits (n 5 461; 70%), an
indicator of higher study adherence.

RESULTS

Baseline Characteristics
Baseline characteristics of the 663 participants (179

boys and 155 girls in the intervention group, 183
boys and 146 girls in the usual care group) have been
reported.9,10 Briefly, 86.5% of the study sample was
white, 53.3% had parents with at least some college
education, and 35.6% had household incomes
$$50 000. There were no baseline differences be-
tween intervention and usual care groups in age,
height, weight, BMI, or serum lipid levels. A higher
proportion of the intervention group than the usual
care group had household income ,$20 000 (15.1%
vs 5.9%; P 5 .002). There were no baseline differences
in age, BMI, serum LDL-C, height, and serum ferritin
between intervention and usual care groups for the
subset who attended all clinic visits.

Follow-Up
Overall, 87.5% of participants attended the last

visit. Comparing those who attended the last visit
and those who did not, there were no differences in
age, height, weight, BMI, total and saturated fat in-
take, serum LDL-C, or serum ferritin, and in distri-
butions of sex, household income, and education.
Missing the last visit was not related to treatment
assignment.

Average length of follow-up at the last visit was
7.4 years for both intervention and usual care groups
(median: 7.2; range: 6.5–9.3 years). Age distributions
and mean age were not different between interven-
tion and usual care groups at baseline or the last
visit, but the age distribution was wider at the last
visit than at baseline because of the 2.5-year recruit-
ment period and the early closeout for those who
had not reached age 18 years (Table 1).

Intervention attendance diminished over time,
from an average of 96% at scheduled or makeup
intervention group sessions in the first 6 months to

89% during year 3 and 72% during year 5. After year
5, in the last 3 years of intervention, the percentage of
intervention children having 2 or more individual or
group visits per year decreased from 55% to 42% to
37%, respectively. During these 3 years, on average
1.8, 1.4, and 1.3 intervention contacts per participant
per year were achieved.

Dietary Intake
Percent of energy intake from total fat and satu-

rated fat in the intervention group decreased from
mean baseline levels of 33.4% and 12.5%, respec-
tively, to 28.5% and 9.8% at 1 year and remained low,
averaging 28.5% and 10.2% at the last visit (Fig 1).
Percent of energy intake from total fat and saturated
fat began to decrease in the usual care group in the
later years, from baseline levels of 34.0% and 12.7%,
respectively, to 31.4% and 11.7% at 5 years and 30.6%
and 11.3% at the last visit. Adjusted differences in
total fat and saturated fat between the 2 groups were
significant at all time points (intervention group
lower, all P , .001), although the difference between
the 2 groups narrowed at 5 years and the last visit.
After an initial reduction from 118 to 90 mg/1000
kcal at 1 year, dietary cholesterol of the intervention
group remained relatively low at 3 years (95 mg/
1000 kcal) and 5 years (89 mg/1000 kcal), but in-
creased at the last visit to 99 mg/1000 kcal. Choles-
terol intake of the usual care group changed little
over the first 3 years from baseline levels of 114
mg/1000 kcal but decreased to 104 and 103 mg/1000
kcal at 5 years and the last visit, respectively (Fig 1).
Adjusted differences in dietary cholesterol intake be-
tween intervention and usual care groups were sig-
nificant at 1, 3, and 5 years (all P , .0001), but not at
the last visit.

Energy intake was 98 and 148 kcal/day (411 and
619 kJ/day) lower in the intervention than usual care
group at 1 (P 5 .01) and 3 years (P , .001), and not
different at subsequent time points.

Primary Efficacy and Safety Outcomes
LDL-C decreased in the intervention and usual

care groups from 130.6 mg/dL (3.38 mmol/L) and

TABLE 1. Sample Size and Age Distribution at Baseline and
Last Visit

Intervention
n 5 334

Usual
Care

n 5 329

Total
n 5 663

Baseline % % %
Age distribution, y

8 29.3 28.9 29.1
9 46.4 47.7 47.1
10 24.3 23.4 23.8

Mean age, y (SD) 9.5 (.74) 9.5 (.70) 9.5 (.72)
Last visit* n 5 295 n 5 285 n 5 580
Age distribution, y % % %

14 0 1.1 .5
15 13.9 17.9 15.9
16 34.6 31.6 33.1
17 36.6 34.7 35.7
18 14.9 13.3 14.1
19 0 1.4 .7

Mean age, y (SD) 17.0 (.88) 17.0 (.93) 17.0 (.91)

* Percent of participants seen at final visit was 87.5% overall: 88.3%
for intervention and 86.6% for usual care group.
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130.6 mg/dL (3.38 mmol/L) to 109.8 mg/dL (2.84
mmol/L) and 112.2 mg/dL (2.90 mmol/L) at 5 years,
respectively. LDL-C increased at the last visit to 114.1
mg/dL (2.95 mmol/L) and 115.9 mg/dL (3.00
mmol/L) in the intervention and usual care groups
(Fig 2). Mean adjusted differences between the 2
groups were significant at 1 and 3 years (P , .001
and P , .02, respectively), but not at 5 years (P 5 .11)
or at the last visit (P 5 .25). Results were virtually the
same after imputation for missing values (data not
shown).

The intervention and usual care groups grew to
similar heights, with no significant differences at any
time point (Table 2). In both groups, serum ferritin
decreased during the first 3 years and increased at
the last visit, with no significant differences at any
time point (Table 2). Results for height and serum
ferritin were similar after imputation (data not
shown).

Secondary Efficacy and Safety Outcomes

Total serum cholesterol followed a similar pattern
as LDL-C and was significantly lower in the inter-
vention than the usual care group at 1 and 3 years,
but not at 5 years or the last visit (Table 3). There
were no differences between the 2 groups at any time
point in HDL-C (except at 1 year), LDL-C/HDL-C
ratio (data not shown), or triglycerides. Except at 1
year, there were no differences in BMI between the 2
groups (Table 3).

There were no differences between intervention
and usual care groups in nutritional biochemical
measures at 1 and 3 years10 or at the last visit (data
not shown), except for serum retinol, which was
higher in the intervention group by .4 mg/dL (.04
mmol/L) at 3 years (P 5 .04) and by 2.4 mg/dL (.07
mmol/L) at the last visit (P 5 .02). There were no
differences in weight or sexual maturation by Tanner

Fig 1. Total fat, saturated fat, and dietary
cholesterol intakes (means and 95% CIs;
*P , .001). Differences adjusted for base-
line values of outcome variable, sex, and
age at last visit (for last visit only).
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staging any time during the first 6 years of the trial
(data not shown). The mean age of menarche, 12.8
years, was the same for girls in both groups; 90% of
intervention and 91% of usual care girls attained
menarche by the last visit. Similar to findings at 1
and 3 years, there were no differences at 5 years or at
the last visit in mean intakes or in the proportion
who met or exceeded two thirds of the recom-
mended daily allowances of vitamins A, C, and B6,
calcium, iron, and zinc (data not shown).

Secondary Analyses
In analyses adjusting for income, at 5 years the

difference in LDL-C was somewhat larger than in the

primary analysis (23.0 mg/dL vs 22.7 mg/dL [2.08
mmol/L vs 2.07 mmol/L]; P , .08 vs P 5 .11),
respectively, but at the last visit results were the
same as in the primary analysis (22.1 mg/dL [2.05
mmol/L]; P 5 .24).

In the subset of participants who attended all clinic
visits (n 5 461), at 5 years differences in total fat,
saturated fat, and cholesterol intake, as well as serum
LDL-C, were larger than for the entire study popu-
lation: total fat 23.1% vs 22.7% of energy; saturated
fat 21.5% vs 21.4% of energy; cholesterol 216.7 vs
214.9 mg/1000 kcal; and LDL-C 24.5 mg/dL vs
22.7 mg/dL (2.12 mmol/L vs 2.07 mmol/L), with
the LDL-C difference significant (P , .02). At the last

Fig 2. Primary efficacy outcome: serum LDL-C (means and 95% CIs; *P , .001; †P , .05). Differences adjusted for baseline LDL-C level,
sex, and age at last visit (for last visit only).

TABLE 2. Primary Efficacy and Safety Outcomes: Height and Serum Ferritin

Intervention Usual Care Adjusted Difference* P
Value†

n Mean (SD) n Mean (SD) Difference (95% CI)

Height (cm)
Baseline 334 136.2 (6.8) 329 136.5 (7.0) — — —
Year 1 313 143.1 (6.9) 307 143.1 (7.4) .4 (0, 0.7) .98
Year 2 303 149.2 (7.5) 299 149.2 (7.8) .4 (0, 0.9) .97
Year 3 318 156.2 (8.1) 306 156.2 (8.7) .5 (2.1, 1.1) .95
Year 4 278 162.8 (8.2) 261 162.4 (8.6) .6 (2.1, 1.2) .96
Year 5 276 167.3 (8.4) 264 167.4 (8.7) .4 (2.2, 1.0) .88
Year 6 251 170.0 (8.7) 237 169.7 (9.1) .3 (2.4, 0.9) .78
Last visit 294 170.8 (8.8) 283 171.4 (9.1) 2.3 (21.0, 0.4) .20

Serum ferritin (mg/mL)
Baseline 322 36.3 (19.2) 321 38.7 (21.2) — — —
Year 1 310 35.2 (21.4) 303 37.3 (18.6) 2.9 (23.5, 1.7) .25
Year 3 299 29.7 (17.7) 286 33.5 (22.8) 22.1 (24.9, .8) .08
Last visit 287 40.1 (28.9) 270 43.8 (32.6) 22.9 (27.2, 1.4) .10

SD indicates standard deviation.
* Adjusted for baseline value, sex, and age at last visit (for last visit only).
† One-sided test.
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visit, the results in this subset were similar to the
primary analysis results.

DISCUSSION
DISC is a long-term, randomized, controlled trial

of a supervised lipid-lowering dietary intervention
in children with elevated LDL-C, averaging 71⁄2 years
of intervention and observation. The intervention
group reduced their self-reported mean total and
saturated fat intakes at 1 year and generally main-
tained these lower levels, despite a decrease in inter-
vention intensity over time. Intervention/usual care
comparisons remained statistically significant for di-
etary total fat and saturated fat throughout the trial,
although not for dietary cholesterol at the last visit.

Self-reported dietary intake data indicated that di-
etary adherence was well-maintained by the inter-
vention group; however, differences between inter-
vention and usual care groups in total fat, saturated
fat, and cholesterol decreased over time, resulting in
nonsignificant differences in LDL-C at 5 years and at
the last visit. The narrowing and then eventual ab-

sence of a significant intervention effect on LDL-C
may be attributable to several factors.

The narrowing of differences in dietary total fat
and saturated fat occurred primarily because of di-
etary changes in the usual care group, which began
at 5 years. These changes may reflect national trends
of increasing heart-healthy eating habits and wider
availability of low-fat foods.28 Downward trends
have been observed nationally in serum total choles-
terol of 5 to 7 mg/dL in adolescents from the late
1960s to the early 1990s.29 These secular trends may
have been pronounced in the DISC usual care group
because they were informed of their elevated blood
cholesterol levels and their pediatricians may have
intervened. Also, study volunteers tend to be more
health conscious and to have higher socioeconomic
levels than the general public. A smaller proportion
of the DISC usual care than intervention group came
from households with incomes ,$20 000, and sec-
ondary analyses suggest that the lower income of the
intervention group may have contributed to lower
dietary adherence, because between-group differ-

TABLE 3. Secondary Outcomes: Lipoproteins, Lipids, and BMI

Intervention Usual Care Adjusted Difference* P Value

n Mean (SD) n Mean (SD) Difference (95% CI)

Total Cholesterol, mg/dL
[mmol/L]

Baseline 334 200.0 (14.6) 329 200.0 (14.6) — — —
[5.17] [.38] [5.17] [.38]

Year 1 315 191.4 (20.9) 303 197.4 (21.4) 26.1 (29.1, 23.2) ,.001
[4.95] [.54] [5.10] [.55] [2.16] [2.23, 2.08]

Year 3 320 183.3 (21.5) 303 186.4 (22.3) 23.3 (26.4, 20.2) .04
[4.74] [.56] [4.82] [.58] [2.09] [2.17, 2.00]

Year 5 268 175.6 (22.4) 254 177.9 (25.7) 22.6 (26.3, 1.2) .18
[4.54] [.58] [4.60] [.67] [2.07] [2.16, .03]

Last visit 283 179.4 (24.1) 265 180.1 (26.3) 21.1 (25.0, 2.8) .59
[4.64] [.62] [4.66] [.68] [2.03] [2.13, .07]

HDL-C, mg/dL [mmol/L]
Baseline 334 57.1 (10.7) 329 57.0 (11.0) — — —

[1.48] [.28] [1.47] [.29]
Year 1 315 55.5 (11.1) 303 56.8 (11.1) 21.3 (22.4, 2.2) .03

[1.44] [.29] [1.47] [.29] [2.03] [2.06, .00]
Year 3 320 52.7 (10.0) 303 52.6 (10.3) 20.2 (21.2, 0.9) .75

[1.36] [.26] [1.36] [.27] [.00] [2.03, .02]
Year 5 268 50.5 (11.2) 254 51.1 (10.2) 2.8 (22.2, .6) .28

[1.31] [.29] [1.32] [.26] [2.02] [2.06, .02]
Last visit 283 49.8 (11.1) 265 49.3 (9.6) .3 (21.0, 1.7) .62

[1.29] [.29] [1.27] [.25] [.01] [2.03, .04]
Triglycerides, mg/dL

[mmol/L]
Baseline 334 80.1 (28.8) 329 80.9 (28.0) — — —

[.90] [.33] [.91] [.32]
Year 1 315 86.2 (38.7) 303 87.1 (39.4) 2.5 (25.8, 4.7) .84

[.97] [.44] [.98] [.44] [2.01] [2.07, .05]
Year 3 320 99.5 (46.0) 303 98.9 (44.8) 1.5 (24.5, 7.5) .62

[1.12] [.52] [1.12] [.51] [.02] [2.05, .08]
Year 5 268 100.3 (58.3) 254 94.5 (46.8) 6.6 (21.8, 15.0) .12

[1.13] [.66] [1.07] [.53] [.07] [2.02, 0.17]
Last visit 283 100.5 (51.2) 265 97.0 (44.0) 3.4 (24.1, 10.9) .3

[1.13] [.58] [1.10] [.50] [.04] [2.05, .12]
Body mass index, kg/m2

Baseline 334 17.5 (2.3) 329 17.6 (2.4) — — —
Year 1 313 18.2 (2.7) 307 18.5 (3.0) 2.2 (2.3, 0) .03
Year 3 317 19.9 (3.3) 305 20.1 (3.4) 0 (2.3, .2) .39
Year 5 276 21.7 (3.8) 265 21.7 (3.7) .1 (2.3, .5) .67
Last visit 293 22.9 (3.8) 283 23.0 (4.1) 2.1 (2.5, .4) .39

SD indicates standard deviation.
* Adjusted for baseline value, sex, and age at last visit (for last visit only).
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ences in LDL-C widened at 5 years after adjusting for
income. The intervention program in the latter years
of the trial simply may not have been intensive
enough to do better than the secular trend. Although
based on sound behavioral theories,13,14,18,19 of the 4
intervention visits scheduled during the last year,
only 1.3 visits per intervention participant were ac-
tually achieved.

In both intervention and usual care groups, LDL-C
declined during adolescence, when pubertal changes
have a strong impact on blood lipids,30,31 and rose at
the last visit, consistent with the LDL-C rise in late
adolescence or early adulthood reported by others.32

In a previous report, DISC observed that sexual mat-
uration had a stronger effect than diet on LDL-C.31

The impact of pubertal changes could be so powerful
that the additional impact of dietary change is more
difficult to observe.

DISC results are based on the intention-to-treat
analysis principle. At the last visit, attempts were
made to measure all randomized children, regardless
of whether they were active participants. Thus, the
final LDL-C levels include the LDL-C values of some
assigned intervention participants who did not have
continuous exposure to the DISC intervention,
thereby potentially diluting the overall intervention
effect. Analyses examining the subset of children
who attended all clinic visits (an indicator of higher
study adherence) suggest that decreased adherence
did play a role in narrowing the between-group dif-
ference in LDL-C. In this subset, differences in di-
etary fat were evident, and LDL-C was significantly
lower in the intervention than usual care group at 5
years.

The DISC intervention focused on lowering total
fat, saturated, fat, and cholesterol to reduce LDL-C.
Although part of the intervention, polyunsaturated
fat changed very little and did not contribute to
LDL-C lowering. Other dietary and lifestyle factors
that were not part of the DISC intervention but that
promote a favorable lipid profile include maintain-
ing a healthy body weight, increasing physical activ-
ity, and lowering trans fatty acids.33

Reporting bias in the intervention group could
have occurred, particularly for dietary fat, as sug-
gested by the lower reported energy intakes than the
usual care group. It is likely, however, that true
differences in total and saturated fat intake were
achieved, because the dietary data were consistent
with the serum lipid data: at all follow-up visits,
lower saturated fat intakes were accompanied by
lower LDL-C levels in the intervention than in the
usual care group. As saturated fat differences be-
tween the 2 groups narrowed over time, differences
in LDL-C also narrowed, becoming no longer signif-
icant, although always with the intervention group
lower. In the subset of children who attended all
clinic visits, there were greater between-group dif-
ferences in saturated fat and cholesterol, and corre-
spondingly greater LDL-C differences, than in the
entire DISC study sample.

The magnitude of the net difference in LDL-C
between intervention and usual care groups in DISC
at 3 years (2.5%) is similar to other studies. School-

and community-based studies of children, which
have targeted several health behaviors including
diet, physical activity, and smoking, have reported
net reductions of 3% to 4% in total cholesterol over a
2- to 5-year follow-up,34–36 although others have re-
ported no effect on total cholesterol.37 A 1-year clinic-
based, randomized study of 261 children with ele-
vated LDL-C, 4 to 10 years of age, reported a net
reduction in LDL-C of ,2%38—approximately half
the 3.7% net reduction observed in DISC at 1 year.
Another randomized study of 1062 seven-month-old
infants reported a 6.6% net reduction in total choles-
terol over 3 years.39 Whether this magnitude of dif-
ference experienced early in life impacts future dis-
ease risk warrants further investigation and
follow-up of these cohorts.

A salient finding from DISC is the safety of an
intervention to promote a fat-reduced diet in actively
growing children with elevated LDL-C, when they
are instructed properly and followed at regular in-
tervals. Consistent with the 3-year results, when no
adverse effects were observed in the intervention
group and when no growth or biochemical outcomes
were adversely related to lower fat intake,10,40 con-
tinued intervention resulted in no difference be-
tween intervention and usual care groups in growth,
sexual maturation, or nutritional adequacy, includ-
ing serum ferritin level, despite differences in self-
reported dietary fat intake.

A limitation of the present study was that the
differences in total fat intake at 5 years and the last
visit were only half as large as those observed in the
earlier years of the trial. However, the present study
showed that reduced fat diets during peak growing
years did not have long-term adverse effects on chil-
dren’s height, serum ferritin levels, or nutritional
status years later as the children reached late adoles-
cence. Furthermore, in the subset of children who
attended all clinic visits, no adverse effects on height
and serum ferritin were evident between the inter-
vention and usual care children after 5 years of in-
tervention, when significant dietary fat and LDL-C
differences were present.

CONCLUSION
The DISC trial provides needed information on the

long-term feasibility, efficacy, and safety of dietary
intervention in rapidly growing children with ele-
vated LDL-C. Results show that dietary fat modifi-
cation can be achieved and safely sustained in pu-
bertal children, with no adverse effects observed up
to 7.4 years later. LDL-C levels can be improved:
significantly over 3 years with intensive dietary in-
tervention, although not significantly over 5 years
with a lower-intensity maintenance intervention. Al-
beit nonsignificant at 5 years or the last visit, the net
LDL-C differences observed between intervention
and usual care groups over the entire course of the
study indicate the potential for decreasing lifetime
exposure to elevated LDL-C by dietary intervention.
Also, changes in the usual care group’s diet suggest
that pediatric practices and societal and environmen-
tal forces are having positive public health effects on
dietary behaviors during adolescence. A combina-
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tion of individual counseling from pediatricians and
other primary health care providers, along with com-
munity-based programs and public health cam-
paigns, may work together to promote cardiovascu-
lar health in children.
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PROTECTING RESEARCH SUBJECTS

. . . In a report released in February 2000 by the Office of the Inspector General
of the Department of Health and Human Services,2disturbing recruitment practices
were brought to my attention . . . The report focused on studies funded by drug
companies, which sponsor most clinical research. It noted that aggressive recruit-
ing by researchers who have been offered money or other inducements might be
contributing to the erosion of informed consent. As researchers are pressured to
recruit subjects quickly in order to discover the next blockbuster drug, they may
misrepresent the true nature of a trial, or they may simply appeal to their patients’
trust. The report also described misleading promotions and advertisements. Re-
searchers promised treatment for disease, when in fact they wanted to use patients
in trials of drugs that were potentially both risky and ineffective. Neither for
financial reasons nor under the guise of furthering science can we allow any
erosion of informed consent. To use human subjects without their full knowledge
and understanding, to place them at needless risk, is unconscionable . . . Institu-
tional review boards (IRBs), the key element of the system to protect research
subjects, are under increasing strain. In June 1998, the Office of Inspector General
of the Department of Health and Human Services issued four investigative reports,
which indicated that IRBs have excessive workloads and inadequate resources.4–7

At a number of institutions, IRB oversight was inadequate, and on occasion,
researchers were not providing the boards with sufficient information for them to
evaluate clinical trials fully.

Donna Shalala, PhD
Department of Health and

Human Services
Washington, DC 20201

N Engl J Med. 2000;343:808–810

REFERENCES
1. Report on University Protections of Human Beings Who Are the Subjects of Research. Washington, DC: Association of

American Universities; 2000
2. Recruiting Human Subjects: Pressures in Industry-Sponsored Clinical Research. Washington, DC: Department of Health

and Human Services; 2000
3. Henney JE. Remarks. Presented at the Association of American Medical Colleges Council of Teaching Hospitals

Spring Meeting, Washington, DC, May 10–12, 2000
4. Institutional Review Boards: Their Role in Reviewing Approved Research. Washington, DC: Department of Health and

Human Services; 1998
5. Institutional Review Boards: Promising Approaches. Washington, DC: Department of Health and Human Services;

1998
6. Institutional Review Boards: The Emergence of Independent Boards. Washington, DC: Department of Health and Human

Services; 1998
7. Institutional Review Boards: A Time for Reform. Washington, DC: Department of Health and Human Services; 1998
8. Protecting Human Research Subjects: Status of Recommendations. Washington, DC: Department of Health and Human

Services; 2000
9. Angell M. Is academic medicine for sale? N Engl J Med. 2000;342–1516-1518

Noted by JFL, MD

264 LOWERING FAT INTAKE IN CHILDREN—DIETARY INTERVENTION STUDY IN CHILDREN


